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Aqueous zinc (Zn)-based energy storage devices possess promising applications for large-scale energy
storage systems due to the advantage of high safety, low price, and environment-friendliness. However,
their development is restricted by dendrite growth and hydrogen evolution issues from the Zn-metal
anode. Herein, a facile stress-pressing method is reported for constructing a grid zinc anode (GZn) with a
conductive framework. The highly conductive copper (Cu)-mesh framework reduces electrode hydrogen
evolution and increases electrode conductivity. Meanwhile, the insitu-formed Cu-Zn nano-alloy stabilizes
the Zn deposition interface. As a result, the GZn symmetrical cell presents a low overpotential of 49 mV
after cycling for 1,200 h (0.2 mAscm™2). In addition, GZn displays its potential application as a universal
anode for Zn-ion capacitors and batteries. An activated carbon||GZn Zn-ion capacitor delivers a stable
cycling performance after 10,000 cycles at 5 Asg™ and MnO,||GZn Zn-ion batteries exhibit satisfactory
cycle stability and excellent rate performance. This demonstrates that GZn appears to be a promising
universal anode for Zn-ion capacitors and batteries.

Introduction

Rechargeable aqueous metal-ion batteries (Mg™*, Zn’*, Fe’*, and
AI’*) present unique advantages, such as their high natural
abundance, high electrolyte safety, and environment-friendliness
[1]. Among them, zinc (Zn) metal can be directly employed as
an electrode with the unique advantage of low redox potential
(—0.76 V vs. standard hydrogen electrode), high theoretical spe-
cific capacity (820 mAheg ™), and large earth abundance. Thus,
Zn-ion batteries have become one of the most attractive aqueous
batteries [2-6]. In recent years, several kinds of cathode materials
have been employed in Zn-ion batteries, such as vanadium-based
oxides, manganese oxides, and metal ferricyanide, and great
strides have been made, which has strongly supported the pro-
duction of Zn-ion batteries with high energy density [7,8].
Meanwhile, capacitor-type materials, such as active carbon (AC),
have become cathode choices for aqueous Zn-based devices,
called Zn-ion capacitors, to meet the requirement of high power
density. However, for either Zn-ion batteries or capacitors, an
ignored limiting factor has been the stability of Zn-metal anodes
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during resting and cycling. The excessive local current on the
Zn electrode surface promotes uneven Zn-ion deposition, thus
aggravating Zn protrusion growth and dendrite formation [9-12].
Undesired Zn dendrites can peel off from the Zn surface and
become dead Zn, reducing the Zn utilization rate and cycling
ability [13,14]. Meanwhile, Zn dendrite formation leads to
enhancement of hydrogen evolution on the electrode/electrolyte
interface, resulting in the electrolyte consumption and poor
cycling performance [15-18]. Thus, it is highly required to
design and fabricate a Zn anode without dendrite persecution.

Recently, many effective strategies have been developed to
suppress the Zn dendrite growth, including as surface modifi-
cations [19-23], structural designs [24-28], and electrolytes
[29-33]. Among these strategies, surface modifications and
structural designs are capable and promising approaches for
improving Zn anode's properties. Zn-anode surface modifica-
tion could regulate electrode/electrolyte interfaces and guide
uniform Zn deposition [34,35]. Cao et al. [36] have introduced
a Zn-phosphorus solid-solution alloy as a protective layer, using
an electrodeposition method, to facilitate ion transfer and reduce
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the electrochemical activation energy during Zn stripping/
plating processes. Cai et al. [37] have prepared a Cu/Zn com-
posite via an immersion and calcination 2-step method. During
the electrochemical process, the Cu-Zn nano-alloy was formed
in situ on the surface, which leads to good anticorrosion behav-
ior and stable cycling performance. Constructing a Zn electrode
with the conductive host is another promising means for improv-
ing the intrinsic capability of metal anodes. The employment of
a conductive current collector, especially with a 3-dimensional
structure, could increase the electrode surface area and reduce
local current density, leading to uniform deposition of Zn ions.
For example, Li's team [38] has synthesized tin (Sn)-coated car-
bon cloth as a conductive substrate for Zn-ion deposition, thus
affording a low deposition overpotential of 90 mV and inhibiting
hydrogen evolution. An et al. [39] have constructed a nitrogen/
oxygen (N/O) double-doped carbon array on a Cu foam surface
to effectively improve the reversibility of Zn plating/stripping,
leading to a 240-h cycling ability. This structure was conducive
for guiding uniform Zn-ion deposition and achieved an average
Coulombic efficiency of 98.2% at a current density of I mAscm ™
for 350 cycles. However, for these Zn electrodes, their compli-
cated fabrication processes might not be suitable for large-scale
production. It has remained a challenge to construct a capable
dendrite-free Zn anode through a convenient process.

In this study, a grid Zn-metal anode (GZn) was designed
and constructed via stress-pressing a commercial Cu mesh onto
Zn foil. The highly conductive Cu-mesh framework ensured
gridded Zn plating/striping. Meanwhile, a Cu-Zn nanoalloy
layer was formed in situ during cycling, which thus provided a
stable deposition interface. As a result, the symmetric GZn cell
presented a smaller overpotential than that of symmetric bare
Zn (BZn). In addition, Zn-ion hybrid capacitors were assem-
bled by coupling AC cathodes and GZn anodes, which dis-
played outstanding cycle stability, benefiting from dendrite-free
GZn anodes. Furthermore, GZn||MnO, full cells also presented
stable cycling performance and laudable rate performance. This
study demonstrated the potential application of GZn as a uni-
versal anode for Zn-based aqueous capacitor and batteries.

Materials and Methods

Fabrication of grid Zn-metal anode (GZn)

The Zn foil (purity 99.99%, Zhengying Co., Ltd., China) was
sonicated in ethanol (Tianli Chemical Reagent Co., Ltd., Tianjin,
China) for 5 min to remove surface impurities. Subsequently,
the clean Zn foil was placed in a 0.5 M hydrochloric acid
(Xintian Fine Chemical Factory, China) solution for 30 s to
remove impurities. After washing with deionized water, bare
Zn (BZn) was obtained. Then, the Cu mesh (Yingtan Zhongzhen
Co., Ltd., China) was pressed onto the BZn surface under a
pressure of 15 MPa to yield GZn.

Preparation of MnO,

The B-manganese dioxide (-MnO,) was prepared by a hydro-
thermal method. First, 1.52 g of manganese sulfate (MnSO,)
and 0.1 g of sodium sulfate (Na,SO,, Sinopharm Chemical
Reagent Co., Ltd., Shanghai, China) were added to 15 ml of
deionized water and stirred until fully dissolved. Another 0.24 g
of potassium permanganate (KMnO,, Aladdin Reagent Co.,
Ltd., Shanghai, China) was added to 15 ml of deionized water
and stirred until dissolved. Subsequently, the KMnO, solution
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was added to the Na,SO,/MnSO, solution under constant stir-
ring. The resulting solution was stirred at room temperature
for 30 min and then transferred to a 50-ml reaction kettle. The
hydrothermal reaction was conducted at 160°C for 12 h, after
which the reacted solution was cooled and centrifuged and the
resulting pellet was washed several times with deionized water
and alcohol. The solid was finally dried in an oven at 80°C for
24 h to obtain rod-shaped p-MnO,.

Material characterization

A scanning electron microscope (SEM, JSM-6480, JEOL Ltd.,
Tokyo, Japan) and transmission electron microscope (TEM,
Tecnia G2-STWIN, FEI Co., Hillsboro, OR, USA) were employed
to observe electrode surface morphologies. Energy-dispersive
spectrometry (EDS, Tecnia G2-STWIN, FEI Co) was used to
analyze the surface element distribution. An x-ray diffractometer
(D/max-TTR 111, Rigaku Corp., Tokyo, Japan) was utilized to
analyze electrode crystal structure at a scan rate of 10°smin™",
an accelerating current of 150 mA, and an accelerating voltage
of 40 kV.

Electrochemical measurements

Symmetric cells were assembled with Zn electrodes, which were
BZn or GZn and the electrolyte 2 M ZnSO, (Macklin Co., Ltd.,
China). For the full cell, the cathode was fabricated by mixing
MnO,, a conductive agent (commercial graphene, Huasheng
Graphite Co., Ltd., China), and a binder, polyvinylidene fluo-
ride (PVDE, Kejing Co., Ltd., China), in a mass ratio of 7/2/1.
The slurry was coated on carbon cloth and the electrode was
dried under 80°C in a vacuum oven for 12 h. Mass loading of
active materials in the electrode was 1.5 to 2.0 mgecm . The
BZn or GZn anode, MnO, cathode, glass fiber separator, and
the electrolyte (2 M ZnSO, and 0.1 M MnSO,) were assembled
into BZn||MnO, or GZn||MnO, full cells. The cells were charged
and discharged with a capacity of 0.2 mAshecm ™.

For the cathode of the Zn-ion hybrid capacitor, AC (purity
99.5%, XFNANO Inc., Nanjing City, China), a conductive agent
(acetylene black, Kejing Co., Ltd., China), and a binder (PVDF)
were mixed in a mass ratio of 7/2/1. The subsequent process
was the same as that for the MnO, electrode. The BZn or GZn
anode, AC cathode, glass fiber separator, and electrolyte (2 M
ZnSO,) were assembled into BZn||AC or GZn||AC hybrid
capacitors.

Galvanostatic cycling and rate performance were performed
on a Neware test system (CT-4008T, Neware Technology, Ltd.,
Shenzhen, China). Cyclic voltammetry (CV) and electrochem-
ical impedance spectroscopy (EIS) curves were acquired using
an EC-lab (VMP3, BioLogic Science Instruments, Seyssinet-
Pariset, France). EIS was carried out with a frequency range
from 10 mHz to 100 kHz. A 3-electrode system was assembled
for linear sweep voltammetry (LSV), with BZn or GZn used as
the working electrode, an Ag/AgCl electrode as the reference
electrode, graphite as the counter electrode, and 2 M ZnSO, as
the electrolyte. LSV was assessed using an Autolab PGSTAT
(Metrohm Autolab B. V., Utrecht, The Netherlands) at a scan
rate of 5 mVes ™,

Results

The preparation process for grid Zn (GZn) electrodes is shown
in Fig. 1A. Commercial Cu mesh was pressed onto cleansed
commercial BZn under 15 MPa. SEM images of the product
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Fig.1. Schematic diagram and SEM images of GZn electrode preparation (A). Corrosion
curves of BZn and GZn (B). LSV curves of BZn and GZn (C).

demonstrated the smooth surface of the copper mesh and Zn
foil in their initial states. The Cu mesh consisted of crossed Cu
wires of ~140 pm diameter. Under pressure, the Cu mesh was
implanted into the Zn foil and marked off a ~300 X 300 pm
grid, enhancing the composite electrode's electrical conductiv-
ity and surface area.

The corrosion and hydrogen evolution behavior of GZn and
BZn in the typical 2 M ZnSO, electrolyte were investigated by
evaluating the corrosion curves of electrode corrosion resistance
(Fig. 1B). Tafel extrapolation was employed to derive the cor-
rosion current densities. With decreasing corrosion current
density, the corrosion resistance of the material increased and
the corrosion process slowed down. GZn electrodes showed a
lower corrosion current density (4.083 mAecm ™) than that of
BZn (5.102 mAecm ). This result suggested that GZn possessed
better corrosion resistance than BZn and that the introduction
of a Cu skeleton reduced the influence of corrosion during
cycling. Soaking experiments were carried out to better observe
the morphology changes of electrode surface. The soaking solu-
tion was 2 M ZnSO, electrolyte. The morphology of electrodes
soaked for 1, 10, and 50 h were characterized by SEM (Fig. S1).
For BZn, with the increase of soaking time, the surface flaky
by-products gradually increased. In contrast, only a few particles
attached to the surface of GZn after soaking. The difference in
surface morphology proved that the corrosion resistance of GZn
to electrolyte was enhanced. LSV was carried out to verify the
hydrogen evolution performance of the electrode (Fig. 1C). GZn
required a potential of —1.019 V to reach 10 mA, which was
lower than that of BZn (—1.055 V), suggesting reduced hydro-
gen evolution on GZn. Hydrogen evolution leads to local pH
changes due to OH' concentration accumulation and promotes
the generation of Zn(OH), by-products. In addition, undesired
hydrogen can also cause a battery to swell or even explode.
Therefore, the anticorrosion and inactive hydrogen evolution
ability observed here were beneficial for improving the electro-
chemical performance of GZn.

The effects of the Cu mesh in protecting the Zn anode were
explored by constructing symmetric cells, with GZn or BZn
and 2 M ZnSO, electrolyte, to examine their electrochemical
performance (Fig. 2). GZn||GZn symmetric cells displayed
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Fig.2.Voltage—time curves of BZnand GZnat 0.2 (A) and 1mAcm™2(B,0.2mAshscm2).
Details of voltage-time curves of GZn at 0.2 (C) and 1 mAscm ™2 (D, 0.2 mAshecm™2).
Rate performances of BZn (E) and GZn (F) at current densities from 0.2to 5 mAscm ™2

(0.2 mAshecm™).

smaller voltage fluctuations and a longer lifetime than BZn||BZn
symmetric cells. At a current density of 0.2 mAecm ™, GZn||GZn
cells demonstrated stable voltage profiles for 1,200 h with a low
voltage hysteresis of 49 mV (Fig. 2A), suggesting a highly
reversible Zn plating/stripping process with the assistance of
the Cu grid. Meanwhile, GZn presented 400 h and 225 h of
cycling at a current density of 1 and 3 mAscm™, respectively,
than BZn (Fig. 2B and Fig. S2). In contrast, BZn||BZn cells
showed gradually increased overpotential at each current den-
sity, which might have been caused by dendrite generation. The
enlarged views of the GZn voltage curves after 300 h of opera-
tion are shown in Fig. 2C and D. GZn showed a regular charge-
discharge curve in each cycle, accompanied by Zn's stable
plating/stripping process. In addition, GZn was tested for
cycle performance at extremely high current density (1 to
100 mAecm™) and capacity (1 to 50 mAhecm™), showing
strong competitiveness (Figs. S3 and S4). The cycle performance
of different Zn metal anodes is shown in Table S1 [40-45]. The
results indicated that the GZn electrode had potential electro-
chemical performance. The rate performances of GZn and BZn
anodes are obtained at various current densities from 0.2 to
5mAecm  (Fig. 2E). GZn electrodes displayed a lower overpo-
tential without clear fluctuations than did BZn, indicating the
stable and dendrite-free surface of GZn during the Zn-ion
plating/stripping process (Fig. 2F).

Ex situ SEM measurements were performed to better under-
stand the plating/stripping behavior of BZn and GZn. BZn
presented a smooth surface but with some inconspicuous
defects (Fig. 3A and D). After 10 cycles, BZn showed an irregular
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surface with dendritic Zn and hollows (Fig. 3B and E). With
cycling (100 cycles), the Zn surface became chaotic and many
pits were observed. Meanwhile, dendritic Zn became larger and
hung with many glass fibers, which might have peeled from the
separator (Fig. 3C and F). The close contact observed between
the Cu mesh and Zn foil ensured the transfer of electrons in
GZn (Fig. 3G and J). No Zn dendrites appeared on the Cu mesh
and underlying Zn foil after 10 cycles (Fig. 3H and K). After
100 cycles, there was still no obvious dendrites on the GZn
electrode (Fig. 31 and J). The surface of the Cu mesh was cov-
ered by deposited Zn, and the presence of small pits on the
underlying Zn surface was attributed to Zn stripping. The SEM

BZn

After 10
cycles

Before cycle

image of the cross section of the GZn electrode after cycling
showed that the Cu mesh was embedded on the Zn metal sur-
face without dendrite production (Fig. S5A). The correspond-
ing EDS mapping confirmed the presence of deposited Zn on
the Cu mesh surface (Fig. S5C and D). In contrast, cross-section
deposition of the cycled BZn electrode was not compacted (Fig.
S5B), which was not conducive to stable electrochemical per-
formance. This demonstrated that GZn presented a more stable
surface without dendritic Zn growth, leading to capable cycling
stability.

In order to better research the principle of electrode surface
during Zn deposition/stripping, BZn and GZn with different

After 100
cycles

After 100
cycles

Fig. 3. Topographic schematic diagrams of BZn and GZn before cycling (A and G) and after 10 (B and H) and 100 (C and ) cycles at 1 mAscm™2. SEM images of BZn and GZn

before cycling (D and J) and after 10 (E and K) and 100 (F and L) cycles at 1 mAscm™2.
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deposition/stripping capacities were tested by SEM. When Zn
was plated on GZn, with the increase of deposition capacity,
the Zn attached to Cu wires increased (Fig. S6A to D). After
peeling off a large amount of plated Zn, the surface morphology
of the electrode had no obvious change (Fig. S7A to D). In
contrast, when Zn was deposited on BZn in a large capacity, it
would converge into block structures (Fig. S6E to H). With the
stripping of Zn, the loss of Zn was large, resulting in a huge
depression (Fig. S7E to H) on the electrode surface. In addition,
the morphology of GZn after a long cycle was characterized,
which showed a uniform morphology, and Zn was distributed
on the surface of the Cu mesh (Fig. S8). Therefore, it was spec-
ulated that with the development of the cycle, Zn was gradually
deposited on the Cu mesh with better conductivity and more
concentrated current, and it showed a stable dendrite-free struc-
ture during repeated plating/stripping (Fig. S9).

X-ray diffractometry (XRD) was employed to explore crystal
face changes of the electrode and the relationship between the
crystal structure and cell performance. After 1, 10, and 100
cycles at 1 mAscm ™2, the symmetrical cells with BZn or GZn
were disassembled to measure their XRD (Fig. 4A and B). Both
BZn and GZn displayed typical XRD patterns belonging to Zn,
with a hexagonal close-packed structure. The 5 peaks at about
36.2,39.1,43.1,70.1, and 70.7, were ascribed to the (002), (100),
(101), (103), and (110) planes of Zn, respectively [46]. The
peaks of Zn in BZn and GZn were almost the same after one
cycle and the Cu crystal diffraction peak observed in the XRD
pattern of GZn. After 100 cycles, the XRD of BZn showed a
new diffraction peak belonging to zinc hydroxide (Zn(OH),),
which came from the by-product on the BZn surface [47].
Hydrogen evolution on the electrode surface resulted in a large
amount of H+ consumption and increased local OH™ concen-
tration. Therefore, Zn ions were easily recruited into Zn(OH),
precipitation at the position with high OH™ concentration, thus
leading to the consumption of electrolyte and dead Zn. In con-
trast, there was no clear peak belonging to such by-product in
GZn (Fig. 4B). This demonstrated that there was less by-product
generation on the GZn surface due to the suppressed hydro-
gen evolution reaction (HER). Zn deposition on the Cu mesh
surface was collected and measured by EDS testing (Fig. 4C).
EDS images showed the uniform distribution of Cu and Zn in

Electric potential distribution

Zn

the particles, suggesting a Zn,Cu, mixture or alloy. High-
resolution TEM (HR-TEM) images showed clear lattice fringes
of 0.240, 0.105, and 0.258 nm belonging to the (321), (220),
and (222) planes of Cu-Zn alloys [37], respectively (Fig. 4D).
These results demonstrated Cu-Zn nano-alloy generation dur-
ing the repeated plating/stripping process of Zn. In addition,
the TEM image of Zn metal surface indicated that Cu-Zn alloy
was only produced on the Cu mesh (Fig. S10).

The deposition behavior of Zn ions on BZn and GZn surfaces
was analyzed by chronoamperometry (Fig. S11). In a chrono-
amperometry curve, the diffusion process is related to the time
it takes for the current to reach steady state. During a 150-s test,
the current density of BZn continued to increase, indicating
that its surface was always a 2-dimensional (2D) diffusion pro-
cess. During the 2D diffusion process, Zn ions tended to accu-
mulate at the electrode tip, which promoted Zn dendrite
generation and growth [48,49]. In contrast, the current density
of GZn tended to stabilize after 33 s, which indicated that, after
a brief 2D diffusion process, the GZn surface transformed into
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Fig.4. XRD patterns of BZn (A) and GZn (B) after different cycle numbers. Energy-
dispersive spectrometry (C) and HR-TEM images (D) of GZn after cycling.

Zn-ion flux distribution
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Fig.5. COMSOL simulations of the electric potential distribution and Zn-ion flux distribution on BZn (A and C) and GZn (B and D).
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a 3-dimensional (3D) diffusion process that tended to be depos-
ited horizontally. Also, the 3D diffusion process was always
maintained in subsequent depositions. The above results indi-
cated that the addition of a Cu mesh improved Zn-ion diffusion
on the electrode surface, which was beneficial for the formation
of dendrite-free surface morphology.

COMSOL simulations were used to better understand the
Zn deposition process on GZn surfaces. COMSOL simulations
of the surface potential distributions for BZn and GZn revealed
small convex defects on the BZn surface and the BZn potential
at ~453 mV (Fig. 5A). After adding the Cu grid, the potential
around GZn dropped to ~377 mV due to modulation of the
potential distribution by the conductive active area provided
by Cu fibers (Fig. 5B). The reduction of the potential slowed
down the HER, such that GZn was less prone to hydrogen
evolution than BZn, which was consistent with previous hydro-
gen evolution test results. COMSOL simulations of Zn-ion flux
on BZn and GZn surface showed that the small bumps on the
BZn surface led to local Zn-ion accumulation (Fig. 5C), such

>
w

that Zn dendrites continued to grow at the bumps. The addition
of a Cu grid on the GZn surface effectively avoided this "tip
effect” and reduced the Zn-ion flux on the underlying Zn foil,
enabling it to achieve a dendrite-free morphology after cycling
(Fig. 5D). Therefore, GZn was a beneficial strategy for improv-
ing cycling stability.

The utility of the application of GZn electrodes was verified by
assembling a GZn||AC hybrid capacitors with AC cathodes and
GZn anodes (Fig. 6A). For Zn-ion hybrid capacitors, the anode
side was accompanied by Zn-ion plating and stripping during the
charge and discharge process. The cathode side was dominated
by anion desorption and adsorption in the AC. Compared with
the CV curves of BZn||AC (Fig. S12), the CV curves of GZn||AC
(Fig. 6B) were closer to a typical rectangle, suggesting better capac-
itive behavior. The BZn||AC hybrid capacitor displayed a gradually
decreased capacity during cycling and its capacity retention rate
was only 59% after 8,000 cycles (Fig. 6C). In contrast, the GZn||AC
hybrid caPacitor had a capacity of 61.8 mAsheg ™" after 8,000 cycles
at 5 Aeg ", with the capacity retention rate at ~100%.
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Fig. 6. Schematic diagram of GZn||AC hybrid capacitor assembly (A). CV curves of GZn||AC hybrid capacitor at different scan rates (B). Cycle performance of BZn||AC and
GZn||AC hybrid capacitors (C). Nyquist plots of BZn||AC (D) and GZn||AC (G) hybrid capacitors. SEM images of BZn (E and F) and GZn (H and I) after the 1,000th and 5,000th
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Observation of Nyquist plots of the BZn||AC hybrid capac-
itor in different cycles showed that the impedance was 412 Q
after 1,000 cycles, which increased to 2,560 Q after 5,000
cycles (Fig. 6D and Figs. S13A and S14). This increased imped-
ance was related to by-product generation on the BZn surface.
After 1,000 cycles, large and uneven massive Zn on the BZn
surface was observed in SEM images (Fig. 6E). After 5,000
cycles, the accumulation of by-products on the BZn surface
became worse and a large amount of Zn dendrite tangles, with
glass fibers from the separator, were observed (Fig. 6F). The
GZn||AC hybrid capacitor showed no great change in charge
transfer resistance, from 61 to 83 Q, after 5,000 cycles, which
was attributed to high Cu conductivity and the absence of
by-product and dendritic Zn (Fig. 6G). SEM image results
indicated that there was no block Zn dendrite formation after
cycling (Fig. 6H and I). The flat electrode surface demon-
strated the uniform deposition interface, which was condu-
cive to charge transport.

Comparison of the rate performance of BZn||AC and GZn| |AC
hybrid capacitors at current densities of 0.5, 1,2, 5,and 10 Aeg ™"
clearly showed that the GZn||AC hybrid capacitor exhibited a
greater capacity than the BZn||AC hybrid capacitor at each cur-
rent density (Fig. S15a). The voltage profiles of the rate perfor-
mance more intuitively showed the charge-discharge process of
these hybrid capacitors (Fig. S15B and C). The BZn||AC hybrid
capacitor underwent more severe polarization with 1ncreased test
current density and its voltage drop was 0.3 Vat 10 Aeg ™', result-
ing in a capacity of 44.2 mAsheg™'. Meanwhile, the GZn||AC
hybrid capac1t0r retained a high capacity of 54.2 mAsheg ' at
10 Aeg~', which was related to its lower voltage drop of 0.2 V.

Full cells with a MnO, cathode and Zn anode were assem-
bled to demonstrate the application of the GZn electrode for
Zn-ion batteries. The XRD pattern of the prepared MnO,
corresponded well with the standard card for pyrolusite
(B-MnO,, PDF#024-0735; Fig. S16). SEM imaging showed
that MnO, was a regular rod-like structure with a diameter
of ~0.3 pm (Fig. S17). Examination of the rate performance
of BZn||MnO, and GZn||MnO, full cells showed that the
GZn||MnO, cell delivered superlor capacities of 330.6, 311. 9
267.7, and 211.0 mAeheg™" under 0.5, 1, 2, and 5 Aeg’,
respectively, which was higher than those of the BZn||MnO,
cell (Fig. S18). The voltage profiles of BZn||MnO, and
GZn||MnO, cells showed 2 typical plateaus corresponding
to the redox reactions observed in both charging and dis-
charging curves at 0.5 Aeg™" (Fig. S19). With increasing cur-
rent density, the polarization of the cell became more substantial,
which was particularly clear for the BZn electrode. The CV
curves of BZn||[MnO, and GZn||MnO, cells exhibited a broad
oxidation peak and 2 reduction peaks, corresponding to the
charge and discharge plateaus in Fig. S9, respectively (Fig.
$20). The CV curves were conducted after the cell rate per-
formance test, and the shift of redox peak position reflected
the degree of polarization of the full cell [5,36]. Herein, since
the conditions for assembling the full cell were the same
except for the anode, the anode was the main factor for the
polarization difference of the cell. The uneven deposition on
the surface of BZn anode reduced the charge transfer rate
and Zn utilization rate, thus aggravating the polarization of
the full cell [50-52]. The weaker polarization of the GZn
electrode indicated that the generation of dendrites was pre-
vented and the presence of Cu increased the conductivity of
the electrode.
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Discussion

In summary, a straightforward pressing method was used to
prepare Cu-modified Zn anodes (GZn), and the effects of the
added conductive grid Cu were investigated on the electro-
chemical performance of Zn anode. The results showed that
close contact between the Cu mesh and Zn increased electrode
conductivity and reduced the Zn plating/stripping overpoten-
tial of related symmetric cells. At the same time, Cu-mesh
addition reduced hydrogen evolution and corrosion, thus
delaying or avoiding the generation of by-products. After
cycling, GZn presented a flat surface without dendrites. In addi-
tion, GZn||AC hybrid capacitors were assembled, which dis-
played a better cycling performance than BZn||AC hybrid
capacitors due to the capable rate ability of GZn. Moreover, the
potential application of GZn electrodes in Zn-ion batteries was
also confirmed. This demonstrated that GZn appeared to be a
promising universal anode for Zn-ion capacitors and batteries.
In conclusion, this study provided a facile approach for achiev-
ing high-performance metal anodes.
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